Abstract.-Some phonon dispersion curves have already been observed in B phase alloys which exhibit martensitic transformation (Au-Cu-Zn, Cu-Al-Ni, Cu-Zn-Al). The interesting feature is that the whole TA2 <110> branch is very low in energy. Furthermore an anomaly.at q = 2/3 qgg has been noticed which is possibly related to the low temperature 9R martensite. In the present work this branch was measured in 8 Cu-Zn-Al transforming in 2H and compared teethe one of B Cu-Zn-Al transforming in 9R martensite. The anomaly at q = 2/3 qgz is present in the two cases. The slope at q = 0 is higher for the B Cu-ZnAl (2H) than for the B Cu-Zn-Al (9R) whereas the frequency at q BZ is smaller. On the B Cu-Zn-Al (9R) the phonons related to the possibly present to -phase have been measured. The explored wave vector directions were <111> and <112>. The phonon dispersion surface shows a saddle point and no minimum at the location of us phase in the reciprocal lattice. No "static" phase is detected, many possible locations in the reciprocal lattice have been explored. Fundamental differences are shown between the dynamical behaviour of b.c.c. alloys transforming into martensite and that of b.c.c. alloys transforming into «-phase.
(Revised text accepted 23 October 1982)
Abstract.-Some phonon dispersion curves have already been observed in B phase alloys which exhibit martensitic transformation (Au-Cu-Zn, Cu-Al-Ni, Cu-Zn-Al). The interesting feature is that the whole TA2 <110> branch is very low in energy. Furthermore an anomaly.at q = 2/3 qgg has been noticed which is possibly related to the low temperature 9R martensite. In the present work this branch was measured in 8 Cu-Zn-Al transforming in 2H and compared teethe one of B Cu-Zn-Al transforming in 9R martensite. The anomaly at q = 2/3 qgz is present in the two cases. The slope at q = 0 is higher for the B Cu-ZnAl (2H) than for the B Cu-Zn-Al (9R) whereas the frequency at q BZ is smaller. On the B Cu-Zn-Al (9R) the phonons related to the possibly present to -phase have been measured. The explored wave vector directions were <111> and <112>. The phonon dispersion surface shows a saddle point and no minimum at the location of us phase in the reciprocal lattice. No "static" phase is detected, many possible locations in the reciprocal lattice have been explored. Fundamental differences are shown between the dynamical behaviour of b.c.c. alloys transforming into martensite and that of b.c.c. alloys transforming into «-phase.
Introduction.-The origin of the martensite nucleation is still an open question, especially in thermoelastic alloys where the transformation occurs with very small driving forces. In the case of B-phase alloys many authors believe that the inherent mechanical instability of these alloys is closely related to nucleation (1)(2) (3)(4)(5).
A complete study of the mechanical stability can only be made by the measurement of the elastic constants and the phonon dispersion curves. Numerous results have already be obtained (2) which show an anomalous behaviour, especially concerning the elastic constant C = 1/2(0^ ~ci2 ) an^ tne corresponding phonon branch TA2 . In addition to these observations, transmission electron microscopy of the B-phase alloys, observed above M s , show anomalous diffraction effects (6)(7) (8). These effects have often been interpreted in terms of intermediate phases or phases competing with the martensitic transformation. It has been recently shown, in the case of Cu-Zn-Al alloy, that the T.E.M. observations should be interpreted by the presence of surface martensite (9)(10) whose origin can also be discussed in terms of mechanical instability (11) . One of the intermediate or competing phases which has often been considered in literature is the 10-phase, well-known in the case of the b.c.c. Zr or Ti based alloys. The first part of the present paper is devoted . to the 8 Cu-Zn-Al alloy which transforms into 9R (or 18R if the order is taken into account) martensite (BQJ>); neutron diffraction has been carried out in order to study the presence of the hypothetical w-phase (static aspect), in addition the corresponding phonon dispersion curves have been measured (dynamical aspect).
The second part of the paper is devoted to the B Cu-Zn-Al alloy which transforms into 2H martensite (fi ); the phonon branch TA < 110> has been studied and is compared to that corresponding to B . The 2H-structure of the martensite was controlled by electron diffraction of thin foils cut from the single crystal. The electron microscope was equipped with a cold stage. The acoustic emission of sample 2 measured during the transformation was also completely different from that measured on a sample transforming into a 9R-type martensite (17) .
Neutron scattering and diffraction experiments were performed at Institut Laue Langevin of Grenoble (France) on the IN2 three-axis spectrometer.
Pyrolitic graphite (002) crystals were used as monochromator and analyser.
Measurements were made with constant incident neutron energy (Ei = 13.8 meV, sometimes Ei = 19 meV).
The sample 1 was studied at room temperature (293 K ) and the sample 2 between 269 K and 310 K.
Results and Discussion.-The w-phase can be described by the condensation of two I1111 planes every three planes as shown in figure la.
The transformation can therefore be understood as a longitudinal displacement wave with t h v a v e vector The figure 3 shows the dispersion curves for Zirconium (14) measured at 1423 K which is in the b.c.c. phase domain ( R + a transformation : 1138 K).
Comparing the LA [5, 5, 5] curve with the one presented in the figure 2a, a very pronounced dip is observed in the figure 3 at this position. Unfortunately no TA [E ,<, 251 curve has been given in literature in order to compare with the curve given in figure 2b. However, it is possible to estimate the behaviour of this curve : the slope at origin q = 0 can be deduced from TA1 and TA2 [5, 5, 0] curves, which are identical. This proves that there is no elastic anisotropy. Therefore, the slope of the branch TA [5, 5 ,2<]must be the same. The "w" point corresponding to the minimum of LA [ F , ,5 ,<I is at the zone boundary and the zone boundary for TA2 [5 ,5,0] corresponds to the point N on TA [ c , 5 ,251 branch for Zirconium. Hence it appears that at the "w" point in the q-space or in its vicinity, a phonon frequency minimum minimorum is present and should be correlated to the effective formation of the w-phase. Such behaviour has also been observed in Nb : figure 5 shows a contour plot of phonon frequencies . in the (110) plane of Nb where one sees a minimum minimorum around 213 [ill] and not a Saddle point.
In addition, elastic or quasi elastic diffraction reflections are observed at temperatures below 1400 K in pure Zirconium close to the "w" positions. Cu-Zn-A1 alloy transforming into 9R martensite (8 . Figure 6a shows this branch for the alloy R2H at two temperatures. The gener2f features are analogous to those corresponding to the alloy RgR : the branch is very low in energy and decreases with decreasing temperature. For a closer comparison we have drawn in the figure 6a both TA curves for the two alloys RzH and BgR measured at 20 K above their respective Ms temperature. Some differences are to be noticed : the slope at q = 0 (corresponding to C') is clearly smaller in the case of RqR than for R2H whereas at the zone boundary the energy of the I32~ branch is lower than that of the RgR branch. 'Both curves show a small anomaly at q = 213 qBZ. However, the small anomaly observed at q = 213 qgz is less pronounced in the curve of the R2H-crysta1 than in that of the RgR-crystal. The present observation concerning R , seems thus to be different from that obtained in a Cu-Al-Ni alloy transforming also into 2H-martensite (15) . Since the composition of the Cu-Zn-A1 alloy studied in the present work is very close to the composition range wherein the R-phase transforms into 9R-martensite, the present observation concerns thus an intermediate situation. Such an intermediate situation is characterized by a lowering of the frequency at the Brillouin zone boundary which is more pronounced than compared with a crystal transforming to 9R and by an anomaly at q = 213 qBZ that has not yet completely disappeared.
Conclusion.-
A detailed neutron diffraction and inelastic scattering experiment has shown that no w-phase or w-softening is present in b.c.c.
R Cu-Zn-A1 alloys in the temperature region just above Ms. The TA2[~,c,0] branch for R Cu-Zn-A1 which transforms into 2H martensite is not very different from the one for I3 Cu-Zn-Al; the slope is higher at q = 0 and the energy at q = qZB is smaller for a : , than for '9~' This paper has also shown a fundamental difference exists between the b.c.c. I 3 phase which transforms to w and those which transform to martensite. The former are characterised by a low elastic anisotropy while the latter have a very high elastic anisotropy.
The phonon dispersion branches of the former alloys do show a mrnimum minimorum of the "w7' position whereas only a saddle point is observed at the same position for the latter alloys.
The lack of w elastic diffraction in b.c.c. R Cu-Zn-A1 alloys which transform to martensite proves that there is no w phase present in bulk sample. This confirms that the observed diffractions by T.E.M. are due to surface martensite (9) (10) and not to the presence of w-phase.
